Chromatin decondensation and DNA synthesis in human sperm activated in vitro by using Xenopus laevis egg extracts.
An in vitro sperm activation system was used to study nuclear swelling-chromatin decondensation and DNA synthesis; processes that occur in vivo following fertilization. Lysolecithin-permeabilized human sperm were incubated in Xenopus laevis egg extract and examined by using phase-contrast light microscopy, electron microscopy, and autoradiography. During a 3-hour incubation, the activated sperm nuclear chromatin underwent a decondensation-recondensation cycle during which DNA was synthesized. This also occurred when egg extract was given a 3-hour preincubation before the addition of the sperm, suggesting that the factor(s) required for initiating the decondensation-recondensation cycle is associated with the sperm. Because both nuclear swelling and DNA synthesis were found to be reproducible and quantifiable, we studied the effect of various agents on the two processes, characterizing the critical component(s) in the egg extract that induces these events. EGTA was found to have no effect on the induced nuclear swelling or DNA synthesis that occurs in the activated sperm. Freezing and thawing the extract or treating the extract with aphidicolin also had no effect on subsequent nuclear swelling; however, the DNA synthesis activity was blocked. Sperm incubated in extract treated with alkaline phosphatase (AP) had both nuclear swelling and DNA synthesis blocked. However, if the sperm were pretreated with DTT, and then incubated with the AP-treated extract, only the DNA synthesis activity of the extract was blocked. When the extract was treated with serine protease inhibitors (PMSF, soybean trypsin inhibitor, or alpha-2-macroglobulin), nuclear swelling occurred; however, DNA synthesis was blocked. These data suggest that phosphoproteins are involved in one or more of the activation events and that a serine protease(s) is involved in the synthesis of DNA.